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Introduction
• Non-zero neutrino masses and mixing angles 

provide a convincing evidence of physics beyond 
the Standard Model

• See-saw mechanism: a paradigm to 
understand neutrino masses

• The see-saw scenario involves a high-
energy scale  where lepton number L is not 
conserved � leptogenesis through out-of-
equilibrium L decay of  heavy particle X in 
presence of CP (Saharov conditions)

• sphaleron conversion to Baryon number
• if X is not so heavy:direct measurement of 

neutrino parameters at accelerators?
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• Type I: 3 singlet heavy fermions N:

•Type II: Higgs heavy triplet(s):
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•Type II: Higgs heavy triplet(s):
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Annihilation amplitude, arbitrary scale, no thermal massesAnnihilation amplitude, arbitrary scale, no thermal masses
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Decay and inverseDecay and inverse--decay amplitudesdecay amplitudes

Boltzman aprox.,
no thermal masses

Inverse
decay vanishes
at low temp.

Decay� 1
Fermions

Bosons (kinematically forbidden at 
low z due to thermal masses)
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analytic approx (z>>1):

full 
calculation
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